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RESEARCH MEMORANDUM 

FLIGHT -DETERMINED PRESSURE DISTRIBUTIONS OVER THE WING 
OF THE BELL X-l RESEARCH AIRPLANE (lO-PERCENT-THICK WING) 
AT SUBSONIC AND TRANSONIC SPEEDS 
By Ronald J. Knapp and Gareth H. Jordan 

SUMMARY 


Measurements of chordwise pressure distributions have been made at 
four spanwlse stations over the 10-percent-thick wing of the Bell X-l 
research airplane . Data are presented for a range of section normal-force 
coefficient from -0.20 to 0.80 at Mach numbers from about 0.30 to 1.19. 

The results show that the pressure distributions at the four spanwise 
stations were generally similar at comparable section normal-force coef- 
ficients, and that a change occurred from the conventional triangular 
chordwise loading at low speeds to the more nearly rectangular loading at 
supersonic speeds . Large changes in the shape of the pressure distribu- 
tions, with accompanying movement of section center of pressure, occurred 
at Mach numbers from 0.80 to O.96 at the midsemispan stations as a result 
of shock movement with a change in Mach number. The trends of center-of- 
pressure movement at the root and tip stations were the same as at the 
midsemispan station, but were not so pronounced because of fuselage and 
tip effects. At each of the four spanwise stations there was a defi- 
nitely stable variation of section pitching-moment coefficient with sec- 
tion normal-force coefficient at Mach numbers of O.89 and above. 

At Mach numbers between 0.8l and O.89, the reduction of pressure 
recovery behind the shock was greater at the midsemispan stations than at 
the root or tip stations . This result indicated that separation was more 
severe at the midsemispan stations. 

At a given section normal-force coefficient an approximately con- 
stant negative chord-force coefficient existed at subsonic Mach numbers 
up to somewhat above the critical Mach number at all stations. At tran- 
sonic Mach numbers a relatively steady increase in chord-force coeffi- 
cient occurred and continued to a definitely positive value at Mach num- 
bers approaching 1.0, above which the values remained nearly constant to 
the limit of the tests. 
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INTRODUCTION 


The NACA High-Speed Flight Research Station, Edwards Air Force Base, 
Calif., has conducted a series of flight tests in the subsonic and tran- 
sonic speed range with the Bell X-l research airplane for the measure- 
ment of wing loads. The purpose of this paper is to present an analysis 
of the pressure distributions obtained at the root, tip, and midsemi- 
span stations, together with an analysis of the section aerodynamic - 
characteristic coefficients (normal -force, pitching -moment, and chord- 
force) as obtained from the pressure-distribution plots. Most of the 
data have been presented previously in unanalyzed tabular form in ref- 
erences 1 to 4. The data were obtained for Mach numbers from about 0.30 
to 1.19 at altitudes from 17,000 to 47,000 feet in level flight, low- 
speed stalls , push-overs , and pull-ups to high lift . Relatively com- 
plete coverage of this Mach number and normal-force range was made at a 
station 64.4 percent of the wing semispan from the root. This station 
was selected as having flow most representative of two-dimensional flow . 
A portion of the data at this station has previously been analyzed in 
reference 5 . To determine the spanwise variation of the section pres- 
sure distributions, less complete tests were made at another midsemispan 
station, the root station, and the tip station. Some section pressure- 
distribution data for a midsemispan station of the Bell X-l research 
airplane ( 8 -percent-thick wing) are presented in reference 6 . 


SYMBOLS 


b /2 wing semi span (l4 ft) 

airplane normal-force coefficient, nW/qS 



c 


wing section chord parallel to plane of symmetry, ft 


Cm section pitching-moment coefficient about the 25 -percent- 

^c/4 

chord point, 




1 


c. 


n 


section normal-force coefficient, 


0 


I 


0.0554 


( P F - P R) d c 


c. 


Xp 


section chord-force coefficient. 


-0.0446 
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M 

free-stream Mach number 

n 

airplane normal-load factor 

p 

P - P 

pressure coefficient, 

p 

local static pressure, lb/sq ft 

p o 

free-stream static pressure, lb/sq ft 


free-stream dynamic pressure, lb/sq ft 

s 

wing area, including area projected through fuselage 
(130 sq ft) 

t 

airfoil-section surface ordinate measured from section 
chord, ft 

w 

airplane weight, lb 

X 

chordwise distance from leading edge of section chord, ft 


Subscripts : 


L 

lower surface 

U 

upper surface 

F 

forward of upper- or lower-surface maximum ordinate 

R 

rearward of upper- or lower- surface maximum ordinate 

cr 

critical (value for which the local flow first becomes sonic) 


DESCRIPTION OF AIRPLANE WING 


The Bell X-l research airplane vised, in these tests and some of the 
dimensions are shown in the photograph and three-view drawing presented 
as figures 1 and 2. The spanwise and chordwise locations of the pressure 
measuring orifices are shown in figure 3 » 

The airplane has a wing of aspect ratio 6 and taper ratio 0.5, 
with a modified NACA 65 -HO airfoil section. Over the flap stations 
(stations A and C) the airfoil section was modified rearward of the 
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85 -percent-chord point to give a finite thickness at the trailing edge. 
For the aileron stations (stations D and F) the cusp was replaced by a 
straight taper rearward of the 85 -percent-chord point to reduce aileron 
hinge moments (ref. 7 ). The ordinates of the modified airfoil sections 
are presented in table I. The 40-percent- chord line is perpendicular 
to the plane of symmetry, and the wing has an incidence angle with 
respect to the fuselage axis of 2 . 5 ° at the root and I. 5 0 at the tip. 
The wing was painted and polished during the tests, but no refined 
filling or smoothing was attempted. 


INSTRUMENTATION AND DATA REDUCTION 


Standard NACA instrumentation was used to obtain free -stream static 
pressure, free-stream dynamic pressure, pressure altitude, normal accel- 
eration, and control-surface position. Wing-surface pressures were meas- 
ured with two NACA recording multiple manometers . All records were syn- 
chronized by a common timer. 

All surface pressures were measured relative to the pressure in the 
instrument compartment. The instrument-compartment pressure was meas- 
ured relative to the static pressure measured by the pitot-static tube, 
which was corrected to free-stream static pressure by the radar-tracking 
method of reference 8 . 

Wing-surface pressures were obtained from l/ 8 -inch-diameter flush 
orifices installed in the wing surface . The orifices were connected to 
the instrument compartment by aluminum tubing of l/ 8 -inch inside diameter. 
The length of aluminum tubing varied from about 2 feet at the root sta- 
tion to about 14 feet at the tip station. Approximately 3 feet of rubber 
tubing of 3 /l 6 -inch inside diameter was used to connect each orifice lead 
to the manometer cell. The effects of lag in the measurement of surface 
pressures have been neglected since these effects are insignificant at 
the rates at which the pressures were changing during these tests . 

The plots of section pressure distribution obtained throughout the 
maneuvers, from which the representative pressure-distribution plots of 
this paper were picked, have been mechanically integrated. Values of 
section normal-force coefficient, section pitching -moment coefficient 
(about the quarter-chord point), and section chord-force coefficient 
were thus obtained throughout the Mach number and normal-force-coefficient 
range of the tests. Section center-of -pressure locations were calcu- 
lated from the values of pitching-moment coefficient and normal-force 
coefficient. Because of the lack of section angle-of -attack data, it 
was not possible to convert the normal-force and chord-force coeffi- 
cients to lift and drag coefficients . Also for this reason, none of 
the data have been presented as a function of angle of attack. The 
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summary plots of section aerodynamic-characteristic coefficients present 
these data in the form of cross plots of the initial data, in order that 
either section normal -force coefficient or Mach number might be held 
constant. 


TESTS 


The data presented herein were obtained during unaccelerated stalls 
at Mach numbers less than 0.50, during a series of pull-ups and push-overs 
(at approximately constant M) at Mach numbers from O.53 to I.19, and 
during level flight from a Mach number of O.79 to 1.00. The low-speed 
data were obtained at altitudes down to about 17,000 feet and the high- 
speed data were obtained at higher altitudes, up to about 47,000 feet. 
During all the maneuvers for which data are presented, the rolling veloc- 
ities were low and the ailerons were held close to neutral. Tabulated 
data have been presented in references 1 to 4 for many of the specific 
maneuvers covered in this paper. 


ACCURACY 


The accuracy of the test results is estimated to be within the fol- 
lowing limits : 


M . 
P . 


Cm c/4 

C Y 


± 0.01 

±0.02 

±0.05 

±0.006 

±0.006 


RESULTS AND DISCUSSION 
Pressure Distributions 


Representative pressure distributions throughout the normal-force- 
coefficient and Mach number range of the tests are shown in figures 4 
to 7 for the four spanwise stations shown in figure 3 (a). The pressure 
distributions show the characteristic change in shape from the conven- 
tional triangular chordwise loading at low speeds to the more nearly 
rectangular loading at supersonic speeds . 
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A midsemispan station (station D) was selected as the station most 
representative of a section having two-dimensional flow; therefore, 
relatively complete coverage of the normal-force-coefficient and Mach 
number range was made for this station. To determine the effect of 
spanwise location on the pressure distribution, less complete tests were 
made at another midsemispan station (station C) , a root station (sta- 
tion A), and a tip station (station F). 

Midsemispan stations .- Pressure distributions at station D for low 
normal-force coefficients are shown in figures 4(a) to 4(c). The shape 
of the basic pressure distribution as shown in figure 4(b) (where c n = 0 ) 

at a Mach number of O .56 was that of a conventional low-speed pressure 
distribution for a cambered airfoil. As the Mach number was increased 
to O .75 (approximately M cr ) the pressure gradient became slightly greater 

on the upper surface and reached a peak at about 45 percent chord. At 
a Mach number of 0.82 shocks had formed on both upper and lower surfaces 
and were located at about 60 to 65 percent chord. With further increase 
in Mach number the shocks moved steadily rearward, and they reached the 
trailing edge at a Mach number of about 0.97* 

The pressure distributions at normal-force coefficients of -0.20 
and 0.20 (figs. 4 (a) and 4 (c), respectively) showed an ordinary transla- 
tion of individual pressures from the basic pressure distribution neces- 
sary to produce the additional normal force , and a negative pressure 
peak that developed at a normal-force coefficient of - 0.20 near the 
leading edge on the lower surface. 

At a subcritical Mach number a negative pressure peak associated 
with the expansion around the leading edge developed on the upper sur- 
face as a normal-force coefficient of 0.40 was reached, and it increased 
in magnitude as the normal-force coefficient was increased to 0.80 
(figs. 4(d) to 4(f)) . 

At supercritical Mach numbers the pressure distribution showed large 
changes in shape with Mach number, attributable to shock formation and 
movement. The critical Mach number and approximate shock location for 
various normal-force coefficients (determined by inspection of the 
pressure-distribution plots) are shown in figure 8 . These curves were 
obtained from the same data from which the representative pressure dis- 
tributions of figure 4 were selected. The approximate shock location 
for a section normal-force coefficient of 0.80 is not presented because 
of insufficient data to define properly the shock location through the 
Mach number range . 

The shock which formed near the leading edge on the upper surface 
at a slightly supercritical Mach number, in general, moved rearward with 
increase in Mach number. At a Mach number of about 0.78 the increased 
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angle of attack necessary to maintain a constant normal-force coefficient 
resulted in a temporary forward movement of the upper-surface shock, 
after which the shock progressed steadily rearward and reached the vicin- 
ity of the trailing edge at a Mach number of about 0-97* On the lower 
surface a shock formed at about 60 percent chord at Mach numbers from 
0.80 to O. 85 . This lower-surface shock moved steadily rearward as the 
Mach number increased, and reached the trailing edge at a Mach number of 
about 0.97 at all values of normal-force coefficient tested. 

In the range of Mach numbers from O .85 to 0.92, the upper-surface 
shock was located forward of the lower-surface shock. This caused a 
region of reduced loading between the shocks (figs. 4(d) to 4(f)). At 
a section normal-force coefficient of 0.40 this reduced loading was suf- 
ficient to result in negative loading in this region. With both shocks 
located at the trailing edge (M = 0.97) the loading became approximately 
rectangular, and further increase in Mach number to 1.19 resulted only 
in a gradual positive shift in all pressures, so that the shape of the 
pressure distribution and loading remained relatively unchanged. 

Throughout the Mach number range from 0.71 to about O .89 the reduced 
pressure recovery rearward of the upper surface shock indicated a region 
of separated flow (figs. 4(d) to 4(f)). Although the shape of the pres- 
sure distributions at normal-force coefficients of 0.60 and 0.80 was 
generally similar to that at 0.40, the shock locations were not so clearly 
defined because of more extensive separation at the higher normal-force 
coefficients. At Mach numbers between about 0.80 and 0.90 the airplane 
stalled at an angle of attack insufficient to produce a normal-force 
coefficient of 0.80 at this station (station D) . 

A comparison has been made in figure 9 of the experimentally deter- 
mined pressure distributions for station D with theoretical pressure 
distributions obtained by use of the Theodorsen low-speed method (ref. 9 ) 
together with the Prandtl-Glauert compressibility correction. This com- 
parison has been made for a normal-force coefficient of 0.40 at Mach 
numbers of O. 5 I, O. 7 I, and O. 83 . As was expected, the comparison shows 
that at Mach numbers well below critical this theory works well, that 
it gives a fair approximation up to Mach numbers slightly supercritical, 
but that it does not satisfactorily predict the shape of the pressure 
distribution at the higher Mach numbers because of the inability of this 
theory to predict formation and movement of shocks. 

As was anticipated, the pressure distributions at station C (fig. 5) 
are similar to those at station D, except for small differences in the 
negative pressure peak at the leading edge and the discontinuity on the 
lower surface at the leading edge of the flap. 

Variation across span .- Data were obtained only to a section normal- 
force coefficient of 0.70 at the root and tip stations (figs. 6 and 7 , 
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respectively) ; hence it was not possible to present data for comparison 
at the highest normal-force coefficient presented for the midsemispan 
stations . The wing first stalls at the root station, and at Mach num- 
bers less than about 0.90 a normal-force coefficient of 0.70 is approxi- 
mately the maximum normal-force coefficient for that station. It is 
apparent that for the tip a normal-force coefficient of 0.70 is not the 
maximum but the limit reached on this airplane at Mach numbers less t han 
0 . 90 . This may be attributed to the fact that, with the reduction in 
lift-curve slope due to tip relief and with decreased tip incidence 
angle, the airplane angle of attack necessary to reach maximum normal- 
force coefficient at the tip is in excess of the angle of attack at 
which the airplane stalls. 

For a more ready comparison of the shapes of the pressure distribu- 
tions across the wing panel, figure 10 is presented to summarize the 
pressure distributions at a section normal-force coefficient of O.lO. 

To give an indication of the section angle of attack necessary to attain 
a normal-force coefficient of 0.10 for a given station, the normal-force 
coefficients for the airplane are also shown in figure 10. 

At subcritical and slightly supercritical Mach numbers the pressure 
distributions show the greatest similarity across the span. The only 
significant difference is that a greater negative peak pressure was 
reached near the leading edge at the root and tip stations than at sta- 
tion D. At Mach numbers from 0 . 8 l to 0.97 the only important difference 
in the pressure distributions was in the shock locations and extent of 
separation behind the shocks. At a Mach number of approximately 0 . 8 l 
the upper-surface shock was located at 55 to 60 percent chord at all 
stations (c n = 0 . 10 ). As the Mach number was increased to about O.89 

the shock at station D had moved forward to I5 percent chord, the shock 
at station F had moved rearward to 80 percent chord, and the shock at 
station A had apparently remained stationary. As previously mentioned, 
the shock at station D temporarily moved forward because of the increased 
angle of attack necessary to maintain a constant section normal-force 
coefficient. The interference effects of the fuselage and the relieving 
effects at the tip apparently reduced the variation of single of attack 
with Mach number for constant normal-force coefficient, to modify the 
shock movement in the above manner. 

The region of down-load previously discussed for the midsemispan 
stations extended inboard to the root station but was diminished slightly. 
Because of the more rearward shock location at the tip, a small region 
of down-load existed near the trailing edge at a normal-force coeffi- 
cient of 0.40 only at Mach numbers near O.89. 

At Mach numbers of 0 . 8 l and O.89, it may be seen that the flattening 
of the pressure gradient behind the shock was greater at station D than 
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at the root or tip stations, indicating that separation was more severe 
at the midsemispan stations . 

At a Mach number of 0.97; figure 10 indicates that supersonic flow 
existed over all of the wing panel except near the leading edge, and the 
pressure distributions at all stations were similar in shape . At the 
root and tip stations, however, the loading over the rearward 40 percent 
chord was not as great as at the midsemispan stations . 


Section Aerodynamic Characteristics 

Center of pressure and pitching -moment coefficient .- The variation 
with Mach number of the section center-of -pressure location at various 
constant values of section normal-force coefficient is shown in figure 11 
for each of the four stations. The data for the pitching -moment coeffi- 
cient about the quarter-chord point, from which the center-of -pressure 
data were obtained, are presented at constant normal-force coefficients 
throughout the Mach number range in figure 12. From these figures it 
may be seen that rapid changes in section center of pressure and section 
pitching -moment coefficient occurred in the Mach number range from 
slightly above critical to about O. 96 . These changes are apparent 
throughout the normal-force range at all spanwise stations and are asso- 
ciated with the shock formation and movement formerly discussed. 

The midsemispan stations showed a variation of center-of-pressure 
location and pitching-moment coefficient with Mach number similar to 
that obtained for two-dimensional airfoils. For a level-flight section- 
normal-force coefficient (c n « 0.30) at stations C and D, it may be seen 

that the section center of pressure remained close to the 25 -percent- 
chord location at Mach numbers up to about O. 7 O, above which a rearward 
shift of center of pressure accompanied the rearward movement of the 
upper-surface shock. At a Mach number of O .83 the center-of-pressure 
location had reached about 37 percent chord. At Mach numbers between 
O .83 and O .89 the previously discussed down-load, caused by shock move- 
ment, resulted in a forward shift of center of pressure to about 13 per- 
cent chord. In the Mach number range from O .89 to about O .96 the center 
of pressure moved rapidly rearward to about 4-3 percent chord, because of 
the movement of both upper- and lower-surface shocks to near the trailing 
edge, where they remained to the limit of the tests. Associated with 
this center-of-pressure movement, the section pitching -moment coeffi- 
cient changed from a low-speed value of about zero to a value of - 0 .06 
at a Mach number of O .96 and above, with minimum and maximum values of 
-0 .04 and 0.04, respectively, in the transonic transition. 

At larger section normal-force coefficients (to about O. 7 O), the 
location of the section center of pressure was approximately the same 
as that described for the lower lift condition except in the Mach number 
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range from about O .75 to 0.9 6 . In this range, as the normal-force coef- 
ficient increased the rapid forward and rearward shifting of the center 
of pressure was diminished. At a normal-force coefficient of O. 7 O, the 
center of pressure moved rearward to about 30 percent chord at a Mach 
number of 0.82 and remained at this point to a Mach number of 0.88 before 
progressing further rearward. This more gradual shifting of the center 
of pressure may be attributed to the fact that the pressure recovery 
through the shock was not so abrupt as at low lift, probably because of 
development of a family of forked shocks instead of a single normal 
shock and more extensive separation which left the shock location less 
well defined. There was a corresponding "softening" of the abrupt 
changes with Mach number for the pitching-moment coefficients. 

At the root and tip stations the variation of section center of 
pressure and pitching moment with Mach number was similar to that at 
the midsemispan stations, except that the magnitudes of the variation 
with Mach number were reduced, especially at the tip section. At the 
subcritical speeds throughout the lift range the center of pressure at 
the tip was located at about 25 percent chord, just as at the midsemi- 
span, but at the root the center of pressure was farther forward (about 
20 percent chord). At Mach numbers above O. 96 , the average center-of- 
pressure location at the root and tip stations, throughout the lift 
range, was forward of the location at the midsemispan. The average 
values were about 37 and 34 percent, respectively, at the root and tip 
stations, as compared with 43 percent at the midsemispan. 

Figure 13 presents, at various constant Mach numbers, the variation 
of pitching-moment coefficient with normal-force coefficient for the 
four stations. From the slopes of these curves it may be seen that, for 
the midsemispan stations, there was a definitely stable variation of 
section pitching moment for Mach numbers of O .89 and above. At Mach 
numbers of O .83 and below, the midsemispan stations were nearly neutrally 
stable throughout most of the normal-force -coefficient range. For the 
root station, at high speeds, a stable variation of pitching -moment 
coefficient with normal-force coefficient also appeared, but the neu- 
trally stable condition was approached as Mach number was diminished to 
O. 89 , and at Mach numbers of O .83 and below there was a slightly unstable 
variation. The tip station also showed a stable variation at the higher 
Mach numbers. As the Mach number was decreased to about O. 75 , the vari- 
ation gradually approached a neutrally stable condition, which remained 
to lower speeds . 

Chord-force coefficient .- The variation with Mach number of sec- 
tion chord-force coefficient is shown in figure 14. At all stations 
and all values of section normal-force coefficient similar trends are 
shown. At a given normal-force coefficient an approximately constant 
negative (forward) chord-force coefficient existed at subsonic Mach 
numbers up to somewhat above M cr . At transonic Mach numbers a relatively 
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steady increase in chord-force coefficient occurred, and it continued to 
a definitely positive (rearward) value at Mach numbers approaching 1.0, 
above which the values remained nearly constant to the limit of the 
tests . At the lower Mach numbers the magnitude of the negative chord- 
force coefficient increased steadily with normal-force coefficient 
because of the increasing negative pressure peak near the leading edge . 
The change to positive chord-force coefficients in the transonic Mach 
number region for all normal-force coefficients presented may be attrib- 
uted to a decrease of the leading-edge negative -pres sure peak with 
increasing Mach number, and also to the increasing magnitude of negative 
pressures over the rearward part of the upper surface . The only signif- 
icant difference in the chord-force coefficient across the wing panel 
was the Mach number at which the curves reached the maximum value 
(approximately 0.92 at the tip and O .96 across the rest of the span). 


CONCLUSIONS 


Results of chordwise pressure -distribution measurements over four 
spanwise stations of the wing of the Bell X-l research airplane show 
that: 


1. The pressure distributions at the four spanwise stations were 
generally similar at comparable section normal-force coefficients, and 
showed a change from the conventional low-speed triangular chordwise 
loading to the more nearly rectangular loading at supersonic speeds. 

2. Large changes in the shape of the pressure distributions, with 
accompanying movement of the section center of pressure, occurred at 
Mach numbers from about 0.80 to O.96 at the midsemispan station as a 
result of shock movement with a change in Mach number. The trends of 
center-of -pressure movement at the root and tip stations were the same 
as at the midsemispan stations, but were not so pronounced because of 
fuselage and tip effects. The most abrupt center-of -pressure shift 
occurred at low lift at the root and midsemispan stations, where a for- 
ward movement to about 15 percent chord occurred at a Mach number of 

O.89. 


3 . There was a definitely stable variation of section pitching- 
moment coefficient with section normal-force coefficient at Mach num- 
bers of 0.89 and above for each of the four spanwise stations. 

k. At Mach numbers between 0.8l and O.89, the reduction of pressure 
recovery behind the shock was greater at the midsemispan stations than 
at the root or tip stations . This result indicated that separation was 
more severe at the midsemispan stations . 
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5 . At a given section normal-force coefficient an approximately 
constant negative (forward) chord-force coefficient existed at subsonic 
Mach numbers up to somewhat above the critical Mach number at all sta- 
tions. At transonic Mach numbers a relatively steady increase in chord- 
force coefficient occurred, and it continued to a definitely positive 
value at Mach numbers approaching 1.0, above which the values remained 
nearly constant to the limit of the tests . 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va. 
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TABLE I 

AIRFOIL PROFILE AND ORDINATES OF THE BELL X-l WING 
Abscissas and ordinates in percent of local chord 


] 



8 . 


Abecissa* percent chord 


Modified NACA 65-11 

.0 airfoil section 

Upper 

surface 


Lover 

surface 


Abscissa 

Ordinate 

Abscissa 

Ordinate 


Flap 

Aileron 


Flap 

Aileron 


stations 

stations 


stations 

stations 

0 

0 

0 

0 

0 

0 

.468 

.796 

.796 

.555 

-.746 

-.746 

.714 

.966 

.966 

.786 

-.896 

-.896 

1.210 

1.222 

1.222 

1.290 

- 1.115 

- 1.115 

2.454 

1.667 

1.667 

2.546 

- 1.481 

- 1.481 

4.949 

2.554 

2.554 

5.051 

- 2.018 

- 2.018 

T . 44T 

2.859 

2.859 

7.555 

- 2.455 

- 2.455 

9.947 

5.298 

5.298 

10.055 

- 2.781 

- 2.781 

14.949 

4.002 

4.002 

15.051 

- 5.529 

- 5.529 

19.954 

4.541 

4.541 

20.046 

- 5.745 

- 5.745 

24.961 

4.951 

4.951 

25.059 

- 4.056 

- 4.056 

29.968 

5.246 

5.246 

50.052 

- 4.274 

- 4.274 

54.976 

5.459 

5.459 

55.024 

- 4.409 

- 4.409 

59.984 

5.552 

5.552 

40.016 

- 4.461 

- 4.461 

44.992 

5.511 

5.511 

45.008 

- 4.416 

- 4.416 

50.000 

5.564 

5.564 

50.000 

- 4.261 

- 4.261 

55.007 

5.078 

5.078 

54.995 

- 5.985 

- 5.985 

60.015 

4.682 

4.682 

59.987 

- 5.611 

- 5.611 

65.018 

4.197 

4.197 

64.982 

- 5.167 

- 5.167 

70.021 

5.642 

5.642 

69.979 

- 2.670 

- 2.670 

75.025 

5.052 

5.052 

74.977 

- 2.157 

- 2.157 

80.022 

2.585 

2.585 

79.978 

- 1.589 

- 1.589 

85.019 

1.721 

1.721 

84.981 

- 1.048 

- 1.048 

90.000 

1.100 

1.148 

90.000 

-.687 

-.698 

95.000 

.525 

.574 

95.000 

-.295 

-.549 

100.000 

.010 

_Q 

ion , non 

-.010 

_Q 

Lm E. radius * 0.6£7 percent chord 
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Figure 1.- Bell X-l airplane. 
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Figure 2.- Three-view drawing of X-l airplane. 
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Span Station 

A 

C 

D 

F 

Distance fron air- 
plans percent b/2 

18.5 

49.1 

64.4 

95.1 


(a) Spanwise. 

Figure 3 .- Spanwise and chordwise locations of pressure-measuring orifices. 
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Orifice station ] 

Location* percent chord 

Span 

station 

A 

C 

D 

T 

Orifice 

Upper 

Lower 

Upper 

Lower 

Upper 

Lower 

Upper 

Lower 

1 

0 

0 

0 

0 

0 

0 

0 

0 

2 

1.16 

1.16 

1.18 

1.28 

1.29 

1.38 

1 0 16 

1.23 

3 

2.40 

2.40 

2.40 

2.40 

2.66 

2o66 

2.64 

2.39 

4 

4.79 

4.79 

5.04 

5.04 

5.16 

5.16 

5.49 

5.03 

5 

9.85 

9.98 

9.64 

9.64 

10.95 

10.95 

10.42 

10.16 

6 

19.75 

19.92 

20.00 

20.00 

19.76 

20.10 

19.92 

19.66 

7 

29.80 

30.00 

29.32 

30.00 

30.00 

30.00 

29.75 

29.62 

8 

34.85 

35.05 

34.78 

35.20 

34.80 

35.10 

35.05 

35.05 

9 

40.00 

40.10 

39.58 

40.00 

40.00 

40.15 

40.07 

40.07 

10 

45 p 10 

45.00 

44.40 

45.92 

45.15 

45.35 

45.00 

45.00 

11 

50.20 

49.70 

49.52 

50.18 

50.18 

50.30 

50.02 

50.00 

12 

54.90 

54.90 

55.10 

55.20 

55.28 

55.28 

55.05 

54.95 

13 

60.38 

60.00 

59.90 

60.00 

60.80 

60.60 

59.70 

60.00 

14 

65.00 

65.00 

65.00 

65.00 

65.40 

65.60 

64.95 

64.95 

15 

70.00 

70.00 

70.00 

70.00 

69.85 

69.95 

70.05 

70.05 

16 

74.10 

74.42 

74.00 

74.38 

74.40 

74.20 

73.85 

74.30 

17 

78.60 

78.60 

78.00 

78.20 

79.50 

79.70 

79.85 

80.05 

IS 

84.90 

85.08 

84.95 

84.95 

85.62 

85.40 

85.70 

85.70 

19 

90.00 

90.00 

90.00 

90.00 

90.00 

90.00 

89.60 

89.60 

20 

94.80 

94.80 

95.00 

95.10 

95.00 

95.00 

95.10 

95.30 

21 

97.65 


97.30 


97.10 
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(b) Chordwlse. 
Figure 3*- Concluded. 
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Percent chord 


(a) c n = -0.20. 


Figure 4.- Mach number 
at station D of the 


effects on the chordwise pressure distributions 
10-percent- thick wing of the Bell X-l airplane . 
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O /O 20 30 40 SO 60 70 80 90 100 

Percent chord 

(b) c n = o. 

Figure 4 .- Continued. 
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(c) c n = 0.20. 
Figure 4.- Continued. 
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Pressure coefficient, P Pressure coefficient, 
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(d) = 0.40. 


Figure 4.- Continued. 
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(e) c n = 0.60. 
Figure 4.- Continued. 
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Percent chord 


(f) c n = 0.80. 
Figure 4.- Concluded. 
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(a) = 0.40. 

Figure 5-- Mach number effects on the chordwise pressure distributions 
at station C of the 10-percent-thick wing of the Bell X-l airplane. 
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(b) c n = 0.60. 
Figure 5 >- Continued. 
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(c) c n = 0 . 80 . 

Figure 5»- Concluded. 
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Pressure coeff/c/ent, P Pressure coeff/c/ent, P 
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(a) c n = 0.L0. 

Figure 6.- Mach number effects on the chordwise pressure distributions 
at station A of the 10-percent-thick wing of the Bell X-l airplane . 
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(b) c n = 0.60. 
Figure 6.- Continued. 
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Pressure coefficient , P Pressure coefficient, P 
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O /O 20 30 40 JO 60 70 30 90 /OO 

Percent chord ' = \ naca ^ 


(c) Cn = 0.70* 
Figure 6.- Concluded. 
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(a) c n = 0.40. 

Figure 7 .- Mach number effects on the chordwise pressure distributions 
at station F of the 10-percent-thick wing of the Bell X-l airplane. 


CONFIDENTIAL 
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(ti) c n = 0 . 60 . 
Figure 7.- Continued. 
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(c) c n = 0 . 70 . 


Figure J.~ Concluded. 
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(a) Critical Mach number. (b) Approximate shock location. 

Figure 8.- Critical Mach number and approximate shock location for wing 
station D at various values of section normal-force coefficient. 
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Exper/znenf 



Figure 9.- Comparison of theory with experimentally determined pressure 
distributions at station D. c n = 0.4. 
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Figure 10.- Comparison of pressure distributions measured at midsemispan, 
root, and tip stations for various Mach numbers. c n = 0.4. 
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Figure 11.- Variation of section center of pressure with Mach number at 
various values of section normal-force coefficient for four spanwise 
stations . 
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°n 


°n 


.3 

A 


.(b 

— .7 





AAac/i /7(//77/6e/; M 



Figure 12.- Variation of section pitching-moment coefficient with Mach 
number at various values of section normal-force coefficient for four 
spanwise stations . 
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Figure 15.- Variation of section pitching-moment coefficient with section 
normal-force coefficient at various Mach numbers for four spanwise 
stations . 
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Figure 14.- Variation of section chord- force coefficient with Mach number 
at various section normal-force coefficients for four spanwise stations. 
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Figure 14.- Concluded. 
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